Abstract: Medical diagnosis system (MDS) provides facility to clinical experts for diagnosis of the different diseases. This paper focus on the development of the MDS for the diagnosis of electroencephalography (EEG)-based diseases, integrating J48 (data mining) and case-based reasoning (CBR). These integrated systems reduce the error amount and degree of uncertainty. Brain is the bioelectric generator. Neurological disordering in the brain leads some problems like muscle weakness and abnormal brain functioning. EEG is a medical imaging techniques that helps to measure the abnormality occurs in the electric activity of the human brain. It gives the information about the level of consciousness of the person, and also contains very useful information relating to different physiological state of brain. In this work, firstly, J48 algorithm is used for reducing the dimension of parameters. After that CBR is implemented for diagnosis of the different EEG-based diseases. The integration of J48 and CBR improves the accuracy of diagnosis and solve the problem of knowledge acquisition.
Introduction
EEG-based diseases deals with the brain signal. Brain is a most important biological structure of our body that performs specific vital functions (http://www.psychology.about.com). Cerebral cortex, the largest part of human brain is divided into four lobes, i.e., frontal lobe (FL), parietal lobe (PL), occipital lobe (OL) and temporal lobe (TL), all the lobes are associated with different functions (http://www.psychology.about.com) as given in the following Table 1 . Table 1 Brain lobes and associates functions
Brain lobes Location Function
Frontal lobe (FL) At front part of the brain Deals with motor activity (motion and movement), reasoning, planning
Parietal lobe (PL) At the middle part of brain Deals with recognition, movement, orientation, perception Occipital lobe (OL) At the back portion of the brain Deals with the visual processing.
Temporal lobe (TL)
At the bottom portion of the brain Deals with the perception, memory and speech Any type of inflammation and disruption in these brain areas can cause psychological problems such as: anxiety, abnormal behaviour, stress, fear and hallucination; cognitive problem such as: unconsciousness, confusion in decision-making, visual and speech disabilities and judgments and physical problems such as: problem in walking, climbing, oversleeping, speech and visualisation. There are more than 600 neurological diseases and all of them occur because of infection (meningitis, encephalitis and brain abscess), stroke, tumour, trauma (head injury) seizure, injuries and damaged of nerve cell (http://www.nlm.nih.gov). Human brain generates different kinds of waves such as: alpha (α), beta (β), delta (δ), and theta (Θ). These waves are measured in Hertz (Hz) (Kumari and Jose, 2011) . Lower Hzs value shows the lower brain activity. Table 2 describes the different states of the brain-waves, frequency and amplitude (http://www.nlm.nih.gov). This paper is organised as follow: Section 2 describe different EEG-based diseases with their sign and symptoms. Section 3 describe integrated model for the diagnosis of EEG-based disease. Section 4 deals with the material and methods. Section 5 deals with the implementation. Section 6 shows the result and Section 7 deals with conclusion.
EEG-based diseases
EEG-based diseases are attention deficit hyperactivity disorder (ADHD), dementia (DM), coma (C), epilepsy (EP), migraine (MG), mood disorder (MD) and Schizophrenia (SI). The classifications of different diseases are based on psychological (PSY), cognitive (COG), physical (PHY) and EEG signal characteristics. PSY parameter are further classified as: anxiety (AN), abnormal behaviour (AB), fear (FR), hyper activity (HA), stress (ST), hallucination (HL), agitation (AG); COG parameter are further classified as: confusion in decision-making (CD), unconsciousness (UC), learning disability (LD), visual disability (VD), disability (JD), speech disability (SD), memory loss (ML); and PHY parameters are further classified as: problem in walking (WL), difficulty in climbing (CL), hearing disability (HR), vision disability (VS), speech disability (SH) and oversleeping (OS) (Gangwar et al., 2013) as shown in Table 3 .
EEG signal characteristic is divided into two parts:
1 EEG signal abnormality observed in different brain lobe (BL) such as FL, PL, OL, TL 2 changing behaviour of the different EEG waves (W) that are alpha (AL), beta (AB), theta (TH) and delta (DE) (Clarke et al., 2011; Jaimchariyatam et al., 2011) .
All the sign and symptoms of diseases are collected from literature review and experts suggestions.
• ADHD -ADHD is one of the most common mental disorder develop in children. It is a psychiatric disorder of the neurodevelopment type .The sign and symptoms of ADHD are HA, AB, LD, VD and difficulty staying focus (Gangwar et al., 2012) . ADHD has three subtypes: predominantly hyperactivity impulsive, predominantly inattentive and combined hyperactivity impulsive and inattentive. FL gets affected in this disease.
• Coma (C) -Comma is a state of unconsciousness that can be caused by number of problems like brain injury, infection, stroke and brain tumour. It can be temporary or permanent. The sign and symptoms of C are UC, no motor activities, irregular breathing. FL, OL and TL get affected in this disease (http://www.healthcommunities.com).
• Dementia (DM) -Dementia is a problem of memory that causes the reduction in ability to learn reason or recall past experiences. All kind of dementia is caused by brain cell death, head injury and stroke. The sign and symptoms of dementia are: ML, JD, AB, HL, CD, VD, and HD (Gangwar et al., 2012) . All the BLs get affected in this disease. Table 3 Sign and symptoms of EEG-based diseases 
• Epilepsy (E) -Epilepsy caused by some abnormal electrical activity in the brain.
There occurs some sensory disturbance at sudden recurrent episode and the patient has repeated seizures or convulsions over time. TL is more affected in this disease. The sign and symptoms of epilepsy are anger, FR, AN, CD, LD, VD, SD and UC (Gangwar et al., 2012 ).
• Migraine (MG) -Migraine is headache often on one side of head. The sign and symptoms of MG are depression, anger, agitation, muscular pains, and oversleep. And all the BLs are affected in this disease (http://www.webmd.com).
• Mood disorder (MD) -Basic kinds of mood disorder are depression, cyclothymiacs, seasonal effective disorder and mania. The sign and symptoms of MD are: VD and OS (Gangwar et al., 2013 (Gangwar et al., , 2012 . FL and TL get affected in this disease.
• Schizophrenia (SI) -Schizophrenia is a long term mental disorder characterised by nervous breakdown it strikes in between the ages of 15 and 25. It mainly affects the thinking ability. The sign and symptoms of SI are AB, AG, social withdrawal, HL, and OS (Gangwar et al., 2012) . FL gets more affected in this disease. Table 3 shows the sign and symptoms of different EEG-based diseases. Here, the symbols high (H), medium (M), and low (L) are used. H represents these symptoms are presents at high rate. M represents symptom is presents but not very much and L represents the absence of symptom. Apart from the first columns, the 2nd to 29th column shows the 28 symptoms of the diseases. Gangwar et al. (2012) deployed rule-based reasoning (RBR), case-based reasoning (CBR) and artificial neural network (ANN) for the diagnosis of EEG-based diseases. They use the muscular, cognitive, psychological and EEG signal parameter for the diagnosis. Pandey and Mishra (2009) developed an intelligent computing systems for diagnosis of neuromuscular diseases. Vijila et al. (2007) deployed an adaptive neuro-fuzzy inference system (ANFIS) to estimate interference and to separate the EEG signal from its ECG, EOG, and EMG artefacts. Janesen et al. (1989) adopted knowledge-based approach for the analysis of automated sleep EEG. Glover et al. (2003) developed a system for the automated interpretation of bioelectrical signals. They use two knowledge-based approach one for the signal analysis and other for the more subjective interpretation knowledge. Wu et al. (2010) propose an effective classification method on probabilistic neural network with supervised learning. Genetic algorithm is also used to train the neuron's smoothing parameter and hidden central vector for determining hidden neurons. Ganesan et al. (2007) propose a system that integrates wavelet transform, feature extraction and ANNN for the detection and classification of epileptic and nonepileptic spike in EEG. Li and Pan (2011) developed an EEG-based BCI system for classification. They apply two development Adaboost classifiers on the basis of an advanced boosting learning algorithm: Adaboost NN and Gentle Adaboost. Kundra and Pandey (2014) deployed data mining for classification of EEG-based diseases. Data mining is applied using J48 algorithm (WEKA) that generates decision tree, pruned tree and confusion matrix.
Related work

Material and method
Data which is used for the experimental work is collected from hospitals and experts. Dataset consist of 100 records and five attributes. All attributes are of categorical data type. Seventy records are used for training and rest 30 is used for testing. Detailed description of dataset is given in Table 4 . 
J48 algorithm
J48 algorithm is the java implementation of C4.5 algorithm which generate decision tree. It is a classification technique of data mining implemented in Waikato environment for knowledge analysis (WEKA) tool. J48 construct univariate decision tree (Bharhava et al., 2013) with the information gain process (IGP). Entropy of any p can be measured with equation (1) and equation (2) (Bharhava et al., 2013) . 
where 'p' is the total number of elements and ' pj' is number of left and right instance. At each node of tree, J48 choose that attribute of data that most effectively splits its sample into subset (Patil and Shereker, 2013) . The attribute with the highest information gain is selected to make decision set as node. Finally, information gain is calculated by equation (3) that is subtraction of equation (1) and equation (2) ( ) ( , ) ( \ ) (Bharhava et al., 2013) 
Gain p j Entropy p Entropy j p
= − ( 3 )
Case-based reasoning
CBR is a problem solving method (Cabrera and Edye, 2010) . It is a methodology for solving new problem by using previous case of same situation. This method contains a knowledge base which contains a number of past cases. CBR is a process of four sub processes: retrieve reuse, revise and retain (Plaza, 1994) as shown in Figure 1 . The experienced case consists of a problem, diagnosis and solution of problem. To solve the recent problem, the problem is first matched with the previous cases available in the case base system and then similar cases are retrieved. The retrieved cases are used to propose a solution that is reused and tested for success. If needed the solution is again revised. At last, the recent user problem and the final solution are retained as a new case (Cabrera and Edye, 2010) . 
Implementation
The system is implemented in two phases: firstly, J48 algorithm is used for feature selection which results into reduction of dimensions and in second phase, the CBR is deployed for diagnosis of diseases. In first phase, five parameters psychological, cognitive, physical, BLs and brain waves are given as the input to J48. J48 algorithms select the important parameters and skip the least important parameter by using IGP.
Feature selection using J48 algorithm
J48 algorithm generates decision tree (as shown in Figure 2 ), pruned tree (as shown in Figure 3 ) and confusion matrix (as shown in Figure 4) . It selects the psychological, cognitive, BLs and brain waves parameters and omits the physical parameters. The rule generated WEKA is shown in Figure 5 .
Case-based reasoning
In the second phase, the reduced set of parameters are used to classify the different diseases by applying CBR. In this work, CBR is implemented in following phases: knowledge acquisition, case retrieval, matching and adaption. 
Knowledge acquisition
Knowledge is acquired through dialogue session by asking question answer as shown in Figure 6 for the psychological parameters. 
Case retrieval
Retrieval is the most important stage in the CBR process. For solving the new problem, the problem matched against the stored cases in the case base and similar cases are retrieved.
Cases are retrieved using matching and selection. Matching is done using following similarity measure:
where U i is i th feature of user case, C i is i th feature of case of case base, W i is weight assign to different parameter by domain experts.
Selection is done using the following formula:
( )
The case with the smallest S i value is the closest case.
Case adaption
Case from the case base is selected which is more similar to the user case, and the solution is used without any modification. Once the problem is solved the result will be retained into case base.
Result
EEG-based diseases classified into seven types such as: ADHD, coma, dementia, epilepsy, migraine, mood disorder and schizophrenia. Five new user cases with their classification are shown in Table 5 . Case 1, case 2, case 3, case 4 and case 5 in Table 5 are more closer to the row headed by dementia, schizophrenia, ADHD, dementia and schizophrenia, respectively (as shown in Table 5 ) in Table 1 in terms of sign and symptom. Performance analysis of J48-CBR integration is done by calculating the sensitivity and specificity values. Sensitivity is the true positive rate value and specificity is 1-false positive rate value. For calculating the accuracy of this integration method, 25 cases with different EEG-based diseases had been tested. Among theses 25 cases 40%cases are new whereas rest of the cases are taken from training data. The sensitivity and specificity values are shown in Table 6 . It is observed from Table 6 that the integration of J48-CBR provides more accurate result than J48 alone. Table 5 have the different cases of the case-based. The number of the symptoms is reduced from 28 to 21 by applying J48 algorithm (decision tree). J48 algorithms consider the physical symptoms such as: AN, AB, FR, HA, ST, HL and AG as least important and omit them. The 21 sign and symptoms of case1 are {L, M, M, L, L, M, H, H, M, H, H, M, H, H, H, H, M, L, L, H, H} as shown in 2nd column of second row in Table 5 .
As it clear from Figure 7 , integration of J48-CBR overcome the problem that are faces by using alone J48 such as problem of interpretability and updatability. J48-CBR provides fast knowledge acquisition and system get self update. 
Conclusions
In this paper, integration of J48 and CBR method is deployed for the diagnosis of EEG-based diseases. In the first step, J48 is used for feature selection that reduces the dimension of attributes in CBR. CBR is used for diagnosis of different EEG-based diseases by matching the user case data with the past cases that are stored in the knowledge base of CBR. Integration of the J48 and CBR method has been proven to be more convenient for diagnosis of EEG-based diseases.
